The lichenicolous Phoma species on Cladonia are revised. A statistical analysis of the conidial size suggests that three species are involved: P. cladoniicola sp. nov. a common and widespread species in the Northern Hemisphere occurring on a wide range of Cladonia species; P. foliaceiphila sp. nov. known from C. foliacea and C. fimbriata in Europe; and P. grumantiana sp. nov. known from C. symphycarpia and C. mateocyatha in Svalbard and the USA.
Introduction
In his revision of lichenicolous coelomycetes, Hawksworth (1981) accepted five lichenicolous species of Phoma. Subsequently, more species were described, and a revised key, accepting 14 species, was recently published by Hawksworth & Cole (2004) . With our current knowledge, they are all host specific, either confined to one genus or to several closely related genera, but can be distinguished and keyed out on their morphological characteristics regardless of the host lichens. These authors explain that Phoma taxonomy is now based mainly on cultural characteristics, recently also supported by molecular work. As no lichenicolous taxa have ever been cultured, naming lichenicolous Phoma species must be regarded as a pragmatic means of communication, without necessarily conveying accurate phylogenetic information.
Several Phoma species have been reported from Cladonia thalli: Phoma cladoniae (Allesch. & Schnabl) Keissl., described from C. fimbriata, is a synonym of Lichenosticta alcicornaria (Linds.) D. Hawksw., and P. uncialicola (Zopf) Vouaux, described from C. uncialis, is now called Bachmanniomyces uncialicola (Zopf) D. Hawksw. Phoma lichenis Pass. has been reported from a variety of hosts, including C. rangiferina and C. rangiformis. However, the type of P. lichenis could not be located by Hawksworth (1981) , who suggested that it merely represents pycnidia of Physconia distorta. Thus, no named Phoma species parasitizing Cladonia is currently known. Nevertheless, Cladonia thalli with Phoma infections are relatively frequent, and we have been able to examine many such specimens from Europe and North America (e.g., Diederich & Sérusiaux 2003; Kocourková 2000; Zhurbenko & Alstrup 2004) . The aim of this paper is to revise all the Phoma material on Cladonia available to us. microscopical examination (including all measurements) was carried out using thin hand-cut sections mounted in water. Although the smallest unit on the micrometer scale was 0·6 m, for statistical purposes we estimated conidial size by dividing each unit into three, resulting in measurements with an accuracy of 0·2 m. Conidial measurements are indicated as (minimum-) X z x X z + x (-maximum), followed by the number of measurements (n); the length/breadth ratio of conidia is indicated as l/b and given in the same way.
Results
The Phoma material on Cladonia is quite uniform macroscopically, but most variable regarding conidial size, for example, conidia from a French specimen on C. foliacea (Pas-de-Calais, Sérusiaux, LG) measured 6·3-7·4 2·5-2·9 m (l/b 2·2-2·9) (n=20), while those from a French specimen on C. rangiformis (Ardennes, Diederich 16154) were much shorter and slightly narrower, 4·4-4·9 2·2-2·5 m (l/b 1·8-2·2) (n=20), and those from an American specimen on C. mateocyatha (Alabama, Harris 28516) were still narrower, 4·8-5·6 1·8-2·1 m (l/b 2·3-3·0) (n=21). An initial statistical analysis of conidial size of a selection of specimens gave the impression that conidia of at least some specimens on C. foliacea are much longer than those from other hosts and that the collection on C. mateocyatha has narrower conidia than most other specimens, and we wondered if several Phoma species might be involved, each of them possibly confined to one or several Cladonia species. To test this hypothesis, we analysed the conidial size of most collections in detail, with at least 20 measurements from each specimen ( Table 1) .
The material on C. foliacea appears to belong to two distinct entities, one with relatively short and broad conidia (4·7-5·8 2·6-3·1 m; l/b 1·7-2·0; n=120) and one with relatively long and narrow conidia (5·9-7·2 2·2-2·7 m; l/b 2·3-3·0; n=80) (Fig. 1A) . The material on C. furcata and C. rangiformis corresponds entirely to the entity with short and broad conidia (4·6-5·7 2·4-3·0 m; l/b 1·7-2·2; n=160) (Fig.  1B) . The material on C. pyxidata and C. pocillum (syn. C. pyxidata subsp. pocillum) has relatively short and broad conidia (4·6-6·1 2·3-2·8 m; l/b 1·9-2·3; n= 103) (Fig.  1C) , but is somewhat intermediate between the two entities from C. foliacea. Conidia from Etayo 20228 on C. fimbriata match those of the entity with long and narrow conidia (5·5-6·7 2·1-2·4 m; l/b 2·4-3·0; n=23) (Fig. 1D) . Several other European specimens on C. cervicornis, C. convoluta, C. phyllophora, C. ramulosa and C. symphycarpia fit the entity with short and broad conidia or are intermediate between both entities. The conidia from the specimens on C. symphycarpia from Svalbard and on C. mateocyatha from the USA are narrower than those from all other hosts (Figs 1 & 2) .
A one-way analysis of conidial variance (ANOVA, =0·05) was carried out between different sets of specimens, and the length/ breadth ratio of conidia proved to be the most useful character to be tested. Between the three putative species (n=472 for the specimens with short and broad conidia, n=100 for the specimens with long and relatively narrow conidia, and n=121 for the specimens with short and narrow conidia), the hypothesis that they have the same mean value was rejected (conidial length: P<0·001; breadth: P<0·001; l/b: P<0·001). Between the ten specimens on C. foliacea, the results were similar (l/b: P=10
51
). Between the four specimens on C. foliacea with long and relatively narrow conidia, the hypothesis of same mean value was not rejected (l/b: P=0·35). Between the six specimens on C. foliacea with short and broad conidia, the hypothesis of same mean value was not clearly rejected (l/b: P=0·03).
All these results suggest that three species are involved: (a) a species with short and narrow conidia known from C. mateocyatha and C. symphycarpia; (b) a species with long and relatively narrow conidia, on C. foliacea and C. fimbriata; (c) a species with short and broad conidia, known from many Cladonia species, incl. C. foliacea and C. symphycarpia. The conidial size of these three species is given in Fig. 2 . 
Harris 28516 C. mateocyatha
*mean (SD); n=20 or more measurements for each specimen. †1-23 P. cladoniicola, 24-28 P. foliaceiphila, 29-30 P. grumantiana; 19 & 20 refer to two pycnidia from the same specimen. 
Distribution and hosts.
The new species appears to be widespread and common in the Northern Hemisphere. It is currently known from Europe (Czech Republic, France, Germany, Spain) and North America (USA: Minnesota). It grows on squamules of the primary thallus and on podetia of C. cervicornis, C. convoluta, C. fimbriata, C. foliacea, C. furcata, C. phyllophora, C. pocillum, C. pyxidata, C. ramulosa Conidiomata pycnidial, immersed in the host thallus or partially erumpent, black, subspherical to pyriform, ostiolate, 50-100 m diam.; vegetative mycelium immersed, brown, smooth-walled, mostly 1·5-2·5 m thick; pycnidial wall brown, pseudoparenchymatous, 10-12 m thick, composed of several layers of polyhedral cells, outer cells dark brown, 5-8(-10) m diam., inner cells hyaline. Conidiophores absent. Conidiogenous cells lining the inner wall of the pycnidial cavity, short-ampulliform, not proliferating, hyaline, smooth-walled, 4-5·5 2·5-5 m, conidiogenesis enteroblastic. Conidia abundantly produced, arising singly, ellipsoid, apically rounded, hyaline, simple, smooth-walled, biguttulate, with a small guttule near each apex, (5·0-)
Distribution and hosts. The species is known from Europe (Czech Republic, France, Luxembourg, the Netherlands and Spain), where it grows on squamules of the primary thallus of C. fimbriata and C. foliacea. Infected parts of thalli are frequently bleached and often surrounded by a blackish necrotic line.
Notes. This species differs from Phoma cladoniicola by longer and narrower conidia. Phoma physciicola is the only species keyed out by Hawksworth & Cole (2004) with similarly-sized conidia and pycnidia. However, the pycnidia of P. physciicola are larger (80-150 m, versus 50-100 m) and the conidia have a smaller l/b ratio (2-2·3, versus 2·4-3·0). That species is known from Phaeophyscia orbicularis and P. sciastra. Conidia abundantly produced, arising singly, oblong to ellipsoid, straight to sometimes slightly bent, rarely narrower at one end, apically rounded, hyaline, simple, smooth-walled, 1-2(-3)-guttulate, generally with a small guttule near each apex, (3·2-)4·1-5·2(-6·2) (1·5-) F. 4 . Phoma foliaceiphila. A, pycnidia on thallus of Cladonia foliacea (Sérusiaux, LG) , note the bleached thallus surrounded by a black necrotic line; B, conidia (holotype). Scale bars: A= 1 mm; B=10 m.
Etymology. The type collection is from ''Grumant'', a former Russian name of Svalbard.
Distribution and hosts. This species is known from Svalbard and from the USA (Alabama), where it grows on squamules of the primary thallus of C. mateocyatha and C. symphycarpia. Infected thalli are partly or entirely bleached. 
Notes. This species differs from

Discussion
Phoma species are very poor in taxonomically useful morphological characters, and we were unable to find any other differences between specimens with short and with long conidia on Cladonia. Macroscopically, such specimens look exactly the same, and the response of the host is identical (compare Fig. 3 , representing a specimen on Cladonia foliacea with short and broad conidia, i.e. P. cladoniicola, with Fig. 4 , representing a specimen on the same host with long and narrow conidia, i.e. P. foliaceiphila). We did not F. 5 . Phoma grumantiana. A, pycnidia on thallus of Cladonia symphycarpia (holotype); B, conidia (holotype).
Scale bars: A=1 mm; B=10 m. study the size of the conidiogenous cells statistically, as these were relatively difficult to observe, especially in overmature specimens, and the small number of such cells observed in a good condition was too small for statistical treatment. However, our observations suggest that the conidiogenous cells in all three species are similar in form and size. The pycnidial diameter could not be used for statistical analyses, as an accurate measurement of immersed pycnidia would have required sectioning of 20 pycnidia per specimen, a number that was not available in most specimens. Furthermore, the pycnidial diameter is often variable within one specimen and appears to be correlated with the age or the degree of maturity of the pycnidium.
The three new Phoma species should not be confused with other coelomycetes with aseptate, hyaline conidia specialized on Cladonia thalli. Epicladonia species are easily distinguished by basally truncate, sometimes 1-septate conidia, lacking the typical guttules near both conidial apices. Bachmanniomyces uncialicola has lens-shaped to pyriform, often asymmetrical conidia, with often attenuated apices, the base sometimes truncate, and also without the typical guttules of Phoma species. Lichenosticta alcicornaria has an entirely different conidiogenesis, with long, irregularly branched conidiophores, and lacriform conidia (Hawksworth 1981) . Stromatopogon cladoniae Diederich & Sérus. produces, in addition to hyaline, aseptate conidia of 3·5-4·5 1-1·4 m, muriform conidia within the same pycnidium (Diederich & Sérusiaux 2003) .
